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[57] ABSTRACT‘ 
An apparatus for indirectly measuring or controlling 
the separation ratio of a gas to be measured or con 
trolled when passing through a branch passage. A dilu 
ent gas with a known and adjustable flow rate is sup 
plied to each of the branched passages through which 
the gas to be measured flows. The difference in the 
concentration of a speci?ed gas in each of the branched 
passages is then measured. If the difference is equal to 
zero, then the separation ratio of the diluent gas is equal 
to the separation ratio of the gas to be measured. Alter 
natively, the separation ratio of the diluent gas may be 
set to a predetermined desired value and the How of the 
gas to be measured controlled until the detected differ 

_ ence in concentration is equal to zero, at which point 
the separation ratio of the gas to be measured is equal to 
the separation ratio of the diluent gas. 

2 Claims, 3 Drawing Figures 
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APPARATUS FOR MEASURING OR 
CONTROLLING THE SEPARATION RATIO OF 

GAS ‘ 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an apparatus for 

measuring or controlling the separation ratio of a gas to 
be measured or controlled when passing through a 
branched passage. 

2. Description of the Prior Art 
‘The above described apparatus can be used for the 

measurement of the total amount of a speci?ed gas (for 
example, hydrocarbon gas, NOx, S0,‘, etc.) in an ex 
haust gas of an engine and the like. 
The total amount of the speci?ed gas contained in an 

exhaust gas is determined on the basis of the ?ow rate of 
a small volume of an exhaust gas sampled from a 
branched passage, the measured concentration of the 
speci?ed gas contained in the sampled exhaust gas and 
the separation ratio of the exhaust gas in the branched 
passage. 
However, the conventional apparatus, which is pro 

vided with a capillary in each branched passage in order 
to measure or control the separation ratio of the gas, has 
a fatal defect in that a capillary is apt to be clogged in 
the case when the gas to be measured or controlled is a 
gas like an exhaust gas of an engine or a gas containing 
mist-like viscous substances. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
simply constructed and manufactured apparatus for 
measuring or controlling the separation ratio of a gas by 
which the separation ratio of the gas can be correctly 
measured or controlled regardless of the nature of the 
gas to be measured or controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The annexed drawings show the preferred embodi 
ments of the present invention, in which: 
FIG. 1 is a general view showing the ?rst preferred 

embodiment; 
FIG. 2 is a diagram showing the important parts of 

another preferred embodiment; and 
FIG. 3 is also a diagram showing the important parts 

of still another preferred embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention 
will be described below with reference to the annexed 
drawings. 

FIG. 1 shows the application of an apparatus of the 
present invention to a measuring instrument for measur 
ing the total amount of a speci?ed gas, for example, a 
hydrocarbon gas, contained in the exhaust gas of a car 
engine, wherein the exhaust gas (one example of a gas to 
be measured or controlled which is hereinafter referred 
to as the gas to be measured or controlled) is introduced 
into a passage 2 from an engine 1; the passage 2 is 
branched into a ?rst branched passage 3 and a second 
branched passage 4, and the branched passages 3 and 4 
are provided with throttle valves 5 and 6 therein. 
On the other hand, a passage 7 for passing a diluent 

gas (one example of a mixture gas which is hereinafter 
referred to as the mixture gas) such as nitrogen gas is 
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2 
connected to a flow rate ratio adjusting apparatus 10 
provided with a capillary for each branch (not shown) 
and the like; mixture gas passages 11 and 12 are respec 
tively connected to the branched passages 3 and 4 
downstream of the flow rate ratio adjusting apparatus 
10; the mixture gas passage 11 is connected to the ?rst 
branched passage 3 and the mixture gas passage 12 is 
connected to the second branched passage 4 in order to 
introduce the gas, which was exhausted from the flow 
rate ratio adjusting apparatus 10, into the gas to be 
measured or controlled and which is passing through 
the branched passages 3 and 4 downstream of the throt 
tle valves 5 and 6. 
The flow rate adjusting apparatus 10 may be merely 

two valves arranged in a fashion similar to valves 5 and 
6 and a capillary tube for each branch or may be a more 
sophisticated arrangement. In any event, it is necessary 
for the apparatus 10 to measure and control the ?ow 
rates A and B. 
Gas introducing passages 14 and 15 of a gas concen 

tration detector 13, such as a ?ow modulation gas analy 
zer of the double-cell type disclosed in Japanese Patent 
Publication No. 48,822/1981, are connected to the 
branched passages 3 and 4 downstream of the points a 
and a’ where the mixture gas passages 11 and 12 are 
connected to the branched passages 3 and 4 so that the 
difference in the concentration AC (to be described 
later) of the speci?ed gas (for example, CO2 gas con 
tained in the exhaust gas of an engine) contained in a gas 
mixture (the gas to be measured or controlled + the 
mixture gas) passing through the branched passages 3 
and 4 downstream of said connecting points a and a’ 
may be measured. 

Furthermore, the ?rst branched passage 3 is provided 
with a ?ow meter 16 for measuring the amount of gas 
passing through the passage 3 per unit time and the 
passage 3 is also provided with a second concentration 
detector 17 for measuring the concentration of the spec 
i?ed gas contained in the gas to be measured or con 
trolled. 

In such a case, the following relationships are 
reached between the flow rate Q2 of the gas to be mea 
sured or controlled and passing through the ?rst 
branched passage 3 upstream of the connecting point a, 
the ?ow rate Q] of the gas to be measured or controlled 
and passing through the second branched passage 4 
upstream of the connecting point a’, the flow rate A of 
the mixture gas passing through the mixture gas passage 
12, the ?ow rate B of the mixture gas passing through 
the mixture gas passage 11, the concentration C1 of 
CO2 (for example) contained in the gas mixture passing 
through the second branched passage 4 downstream of 
the connecting point a’, the concentration C; of CO2 
contained in the gas mixture passing through the ?rst 
branched passage 3 downstream of the connecting point 
a and the concentration C5 of CO2 contained in the gas 
to be measured or controlled and passing through the 
passage 2: 

In addition, the difference in the concentration of 
CO2 (AC) is expressed by the following equation: 
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This difference in the concentration of CO2 (AC) is 
equal to zero under the following conditions: 
Q1B—Q2A =0 when Q1, Q; A, B are not zero, in short 

That is to say, the separation ratio of the gas to be 
measured or controlled is equal to the separation ratio 
of the mixture gas when the difference in the concentra 
tion (AC) of CO2 contained in the gas mixture measured 
by the concentration detector 13 is equal to zero. 

Accordingly, the separation ratio Ql/Qz of the gas to 
be measured or controlled can be measured on the basis 
of the separation ratio of the mixture gas by adjusting 
the separation ratio A/ B of said mixture gas by means of 
the ?ow rate ratio adjusting apparatus 10 so that a dif 
ference in the concentration (AC) of CD; which is equal 
to zero may be detected by the concentration detector 
13. Then, the total amount of hydrocarbon gas con 
tained in the exhaust gas of car engine can be deter 
mined on the basis of this separation ratio Q1/Q2, the 
?ow rate of the gas mixture measured by the ?ow meter 
16, the concentration of hydrocarbon gas measured by 
the concentration detector 17, the ?ow ratio of the 
mixture gas and the separation ratio of the mixture gas. 
The case in which the separation ratio Ql/QZ of the 

gas to be measured or controlled is measured was de 
scribed in the above described preferred embodiment. 
Described below with reference to FIG. 1 is the case in 
which the separation ratio Q1/Q2 of the gas to be mea 
sured or controlled is controlled. 
The separation ratio Ql/Qz (=K) of the gas to be 

measured or controlled can be controlled to a desired 
value by setting the separation ratio (A/B=K) of the 
mixture gas to the desired value by means of the ?ow 
rate ratio adjusting apparatus 10 and simultaneously 
manually or automatically adjusting the opening of the 
throttle valves 5 and 6 so that a difference in the con 
centration (AC) of CO2 which is equal to zero may be 
detected by means of the concentration detector 13. 

Furthermore, the speci?ed gas component contained 
in the gas to be measured or controlled and the mixture 
gas are not limited to CO2 gas and the diluent gas, such 
as N2 gas, used in the above described preferred em 
bodiment. For example, a gas which is not contained in 
gas to be measured or controlled but contained only in 
the mixture gas may be measured, or a gas which is 
contained in both the gas to be measured or controlled 
and the mixture gas may be used as the speci?ed gas 
component. 
FIG. 2 shows another preferred embodiment of the 

present invention, in which the difference in the con 
centration (AC) of the speci?ed gas component con 
tained in the mixture gas is detected by two concentra 
tion detectors 13' and 13" installed in the branched 
passages 3 and 4 and arranged downstream of the con 
necting points a, a’ as shown in FIG. 1. 
FIG. 3 shows still another preferred embodiment of 

the present invention, in which a passage 2 for passing 
the gas to be measured or controlled therethrough is 
branched into three branched passages 3a, 3b, and 4; the 
branched passage 3a is connected to a mixture gas pas 
sage lla; the branched passage 3b is connected to a 
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mixture gas passage 11b; the branched passage 4 is con 
nected to a mixture gas passage 12; concentration detec 
tors 13a, 13b, and 130 for detecting the concentration of 
the speci?ed gas component contained in a gas mixture 
are respectively installed to detect the difference in the 
concentration of the speci?ed gas component in the 
branched passages 3a, 3b and 4; the separation ratio of 
the gas to be measured or controlled can be thereby 
measured or controlled as in the case shown in FIG. 1. 
As described above, the present invention can pro 

vide an apparatus for measuring or controlling the sepa 
ration ratio of a gas, wherein each branched passage is 
connected to each mixture gas passage and a concentra 
tion detector for detecting the difference in the concen 
tration of the speci?ed gas component contained in the 
gas mixture passing through the branched passages is 
installed downstream of the point where the mixture gas 
passage is connected with the branched passage. Thus, 
as described in the above described preferred embodi 
ment, the separation ratio of the mixture gas is equal to 
that of the gas to be measured or controlled under the 
condition that the difference in the concentration of the 
speci?ed gas component is equal to zero and, as a result 
thereof, the separation ratio of the gas to be measured or 
controlled can be determined on the basis of the separa 
tion ratio of the mixture gas. In addition, the separation 
ratio of the gas to be measured or controlled can be 
controlled to the desired value by setting the separation 
ratio of the mixture gas to the desired ratio and adjust 
ing the separation ratio of the gas to be measured or 
controlled so that the difference in the concentration is 
equal to zero; 
That is to say, according to the present invention, the 

separation ratio of gas to be measured or controlled is 
indirectly measured or controlled on the basis of the 
separation ratio of the mixture gas.‘ Thus, unlike the case 
of conventional apparatus, it is not necessary for a capil 
lary to be installed in a passage of the gas to be mea 
sured or controlled. Accordingly, stained gas, such as 
an exhaust gas of an engine, can be selected as the object 
of measurement or control. In short, according to the 
present invention, the separation ratio of the gas to be 
measured or controlled can be correctly measured or 
controlled regardless of the nature of the gas to be mea 
sured or to be controlled. Furthermore, the present 
invention has such an advantage that the separation 
ratio can be simply and correctly measured or con 
trolled even though the flow rate of the gas to be mea~ 
sured or controlled is unstable. 
We claim: 
1. An apparatus for indirectly measuring the separa 

tion ratio of a ?rst gas containing a speci?ed gas whose 
path is branched into at least two branches, said separa 
tion ratio being de?ned as the ratio of the gas flow rate 
in one of said at least two branches divided by the gas 
flow rate in another of said at least two branches, and 
said apparatus comprising: 

a mixture gas supply means for respectively supply 
ing a mixture gas with a known and adjustable flow 
rate and separation ratio to each of'said at least two 
branches, said separation ratio being de?ned as the 
ratio of the gas ?ow rate in one of said at least two 
branches divided by the gas flow rate in another of 
said two branches, and; 

a gas concentration detector means operatively con 
nected to said at least two branches downstream of 
said mixture gas supply means for measuring the 
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difference in concentration of said speci?ed gas in branches divided by the gas ?ow rate in another of 
said at least two branches; said at least two branches, and; 

wherein, when said mixture supply means is adjusted a gas concentration detector means operatively con 
nected to said at least two branches downstream of so that said detector means measures a zero differ 

ence in concentration in said at least two branches, 
then said separation ratio of said ?rst gas corre 

5 said mixture gas supply means for measuring the 
difference in concentration of said speci?ed gas in 
said at least two branches; 

sponds to said separation ratio of said mixture gas a means for controlling the ?ow rate of each of said at 
, from Said mixture gas supply means- least two branches, said means arranged upstream 
2. An apparatus for controlling the separation ratio of 10 of said mixture gas supply means; 

a ?rst gas containing a speci?ed gas whose path is ‘ wherein, when said ?ow rates of said mixture supply 
branched into at least two branches, said separation means are adjusted so that the Separation ratio of 
ratio being de?ned as the ratio of the gas ?ow rate in said mixture gés SUPRIY meafls corresponds $0.3 
one of said at least two branches divided by the gas flow des‘red Separatlon who of Sam ?rst gas and Sald 

15 means for controlling the ?ow rate of each of said 
at least two branches are controlled so that said 

. 1 f . 1 l detector means measures a zero difference in con 
a mlxture gas supp y means or respectlve y supp 3'' centration in said at least two branches, then said 

ing a mixture gas with a known and adjustable ?ow separation ratio of said ?rst gas corresponds to said 
rate and separation ratio to each of said at least two 20 Separation ratio of Said mixture gas from Said mix 
branches, and separation ratio being de?ned as the ture gas supply means. 

I? * ratio of the gas ?ow rate in one of said at least two * * * 

rate in another of said at least two branches, and said 
apparatus comprising: 
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